NEW  YORK  UNIVERSITY 

AFCRC-TN-59- 144  INSTITUTE  OF  KlATl-IEMATICAL  SQEJ^CES 

ASTIA  DOCUMENT  No.  AD215113 

IS  Waveny  Haav  New  Yorii  i,  H.  X. 


^|.     yx    Tr<£,      NEW   YORK    UNIVERSITY  !\JOV  1     1959 

X  n   |X     ^     Institute  of  Mathematical  Sciences 


'^   k  T\  7  H      NEW   YORK    UNIVERSITY 
^    IV*-I  -X/    >,. 

ci  i^ari  TV    > 

"J  .   . ,  .^__ 

•"^      Division  of  Electromagnetic  Research 


FINAL   REPORT 


Basic  Mathematical  Investigations 
in  Electromagnetic  Wave  Theory 


CONTRACT  NO.  AF  19(604)1717 
MARCH,  1959 


AFCRC-TR-59-144. 

ASTIA  Docament  No.  AD  215113 


NEW  YORK  UNIVERSITY 
Institute  of  Mathematical  Sciences 
Division  of  Electromagnetic  Research 

FINAL  REPORT 
under 
Contract  No.  AE  19(6oi<-)l717,  March,  1959 


BASIC  MATHEMATICAL  INVESTIGATIONS 
IN  ELECTROMAGNETIC  WAVE  THEORY 


^^//^^- 


Sidney  Boi*dwltz      jj  ^0^T)r.  Werner  Gerbes 

Acting  Director      -^  Contract  Monitor 


The  research  reported  in  this  document  has  been  sponsored  by  the  Electro- 
nics Research  Directorate  of  the  Air  Force  Cambridge  Research  Center,  Air 
Research  and  Development  Command.   The  publication  of  this  report  does  not 
necessarily  constitute  approval  by  the  Air  Force  of  the  findings  or  con- 
clusions contained  herein. 


Reqi«sts  for  additional  copies  by  Agencies  of  the  Department  of  Defense, 

their  contractors,  and  other  Government  agencies  should  be  directed  to  the: 

ARI-ED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
DOCUMENTS  SERVICE  CENTER 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 

Department  of  Defense  contractors  must  be  established  for  ASTIA  services 

or  have  their  'need-to-know'  certified  by  the  cognizant  military  agency 

of  their  project  or  contract. 

All  other  persons  and  organizations  should  apply  to  the: 

U.S.  DEPARTMENT  OF  COMMERCE 
OFFICE  OF  TECHNICAL  SERVICES 
WASHINGTON  2^,  D.C. 


Table  of  Contents 


Page 


1.  Introduction  1 

2.  Diffraction  Theory  5 

A.  Diffraction  Problems  Involving  Short 

Wavelength  Radiation  5 

B.  Unidirectional  Conducting  Screens  6 

C.  Diffraction  by  Absorbers  8 

D.  Multiple  Scatterings  9 

E.  An  Equivalence  Relation  Between  Certain  Two 

and  Three  Dimensional  Geometries  10 

5.   Surface  Wave  Phenomena  11 

H-.        Statistical  Problems  13 

A.  Scattering  by  Refractive  Index  Fluctuations  13 

B.  Coherence  Theory  of  Optics  I6 

5.  Mathematical  Results  17 

6.  Miscellaneous  I8 
Complete  List  of  Reports  and  Publications  20 


1  - 


1.   Introduction 

During  the  period  from  September  1,  1956,  to  March  51,  1959,  the 
Division  of  Electromagnetic  Research  of  the  Institute  of  Mathematical 
Sciences  at  Nev  York  University  has  pursued  a  research  program  in  electro- 
magnetic theory  under  Contract  Number  AF  19(6o4)l717  vlth  the  Air  Force 
Cambridge  Research  Center.   This  program  has  been  a  continuation  of  work 
done  under  Contract  Number  AF  19(122) -^2  vlth  the  same  agency.   Not  all 
of  the  fields  of  investigation  permitted  under  the  contract  have  been 
pursued.   Individual  scientists  have  chosen  their  own  specific  areas 
of  interest  in  accordance  with  the  broad  objectives  of  the  program 
outlined  in  the  contract. 

The  work,  which  has  been  completed,  falls  into  several  categories. 
The  first  is  problems  of  diffraction,  in  which  the  asymptotic  solution 
of  a  variety  of  diffraction  problems  have  been  investigated.   In  some 
cases,  the  asymptotic  form  of  a  solution  of  a  given  problem  has  been 
exhibited  and  compared  with  the  geometrical  optics  solution  developed 
by  Professor  Keller  (EM- 109  and  -121);   in  other  cases,  interesting 
applications  of  the  geometrical  optics  solution  have  been  given  (Keller 
and  Levy,  EM-102;  Keller,  EM-IO^J-,  -127,  -119  and  -llO) .   Another  aspect 
of  the  work  on  diffraction  has  been  to  consider  problems  in  which  modi- 
fied surfaces  are  involved.   In  EM-IOS  (Karp)  and  -105  (Radlow),  the 
field  of  a  unidirectional  conducting  plane  excited  by  a  plane  wave  and 
by  a  dipole,  respectively,  are  Investigated.   In  EM- 129  (Karp),  the  case 
of  the  diffraction  of  a  scalar  wave  by  a  right-angled  wedge  with  a  parti- 
ally absorbing  surface  is  considered.   EM-111  (Karal  and  Karp)  treats 
the  same  problem  for  a  vector  wave. 


2  - 


Other  vork  in  diffraction  includes  EM-126  (Zitron  and  Karp)  vhich 

gives  a  technique  for  exhibiting  the  solution  of  tvo  and  three  dimensional 

1/2 
multiple  scattering  problems  in  inverse  povers  of  d    ,  (d  is  the  obstacle 

spacing),  in  terms  of  the  solution  of  a  single  scattering  problem. 

In  EM-120  (Felsen  and  Karp),  an  equivalence  relation  is  found  be- 
tween the  solutions  of  three  dimensional  electromagnetic  problems  for 
axially  symmetric  configurations  supported  by  a  thin  fin  and  the  tvo 
dimensional  profile  of  this  geometry. 

Another  general  field  of  investigation  has  been  surface  waves .   In 
EM-99^  Friedman  and  Williams  consider  the  problem  of  how  to  place  a  dipole 
above  a  dielectric  so  that  a  maximum  amount  of  energy  is  carried  by  the 
surface  wave  (or  that  the  surface  wave  be  as  pure  as  possible).   EM-II6, 
-I23  and  -12h    (Karp  and  Karal)  constitute  part  of  a  general  investigation 
of  the  effect  of  wedge  edges  on  the  excitation  efficiency  of  surface  waves. 
Report  EM-II6  considers  a  right-angled  wedge,  both  of  whose  faces  can 
support  surface  waves  excited  by  a  dipole  on  the  surface;   in  EM- 124,  the 
same  problem  is  considered  for  a  wedge,  only  one  of  whose  surfaces  can 
support  surface  waves.   In  EM- 125, the  diffraction  of  plane  waves  by  a 
right-angled  wedge,  one  of  whose  surfaces  can  support  surface  waves,  is 
solved. 

EM- 128  (Keller  and  Karal)  applies  the  theory  of  geometrical  optics, 
developed  for  diffraction  problems,  to  the  study  of  the  excitation  and 
propagation  of  surface  waves. 

Another  large  area  of  investigation  has  been  the  statistical  pro- 
blems involved  in  radio  wave  propagation  and  in  scattering,  as  well  as 
in  questions  of  optics.   In  Report  EM-98  (Silverman),  the  mathemEtical 
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problems   associated  with  the   scattering  of  radio  waves  by  refractive   index 
fluctations   is   considered;      in  EM-101   (Silverman),    the  problem  of  the 
short  period  fading  of  radio  vaves   scattered  by  dielectric  turbulence   is 
analyzed.      In  EM-I06   (Wolf)^    the   coherence  properties   of  optical  wave 
trains   is   analyzed  in  relationship  to  their  frequency  characteristics. 

In  the  course  of  investigating  problems  in  electromagnetics,  related 
mathematical  questions,  which  have  some  intrinsic  interest,  always  arise. 
In  EM-100  (Jones  and  Kline),  a  method  for  dealing  with  the  asymptotic 
evaluation  of  two  dimensional  integrals  of  the  form      s(x,y)  e        dydx 


D 
for  large  k  is  given.   In  EM-107  (Ragab),  the  inverse  Laplace  transform  of 

some  exponential  functions  is  derived  and,  in  EM-II8  (Radlow),  the  double 
Laplace  transforms  of  some  Green's  functions,  of  interest  in  electromag- 
netic theory,  are  exhibited. 

There  have  also  been  some  miscellaneous  reports  issued  on  this  con- 
tract.  One,  EM-IO3  (Shenitzer),  is  a  translation  of  three  Russian  papers 
on  diffraction  theory.   Another,  EM-ll4  (Moses),  is  a  formulation  of 
Maxwell's  equations  in  spinor  notation  as  well  as  a  solution  of  the  pro- 
blem of  determining  the  source  distribution  which  would  produce  a  given 
radiation  pattern. 

During  the  contract  period,  a  total  of  25  reports  have  been  issued, 
17  of  which  have  been  published  or  submitted  for  publication  in  tech- 
nical journals. 

We  take  pride  in  the  fact  that  a  portion  of  our  contract  activity 
can  be  devoted  to  the  development  of  new  talent  in  this  important  field. 
During  the  contract  period,  the  following  students  obtained  their  doctor- 
ates and  were,  either  wholly  or  in  part,  supported  by  contract  funds: 
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James  Radlcw  (June,  1957)  Now  vrith  Grumman  Aircraft 

Willard  Miranker  (June,  1957)  Now  with  I.B.M. 

Bernard  Seckler  (February,  1958)  Now  teaching  at 
Pratt  Institute,  Brooklyn,  W.Y. 

Robert  Lewis  (February,  1958)  Currently  at  N.Y.U., 
Institute  of  Mathematical  Sciences 

Bertram  Levy  (February,  1958)  Institute  of  Math- 
ematical Sciences 

Eugene  Pflumm  (February,  1959)  Institute  of  Math- 
ematical Sciences 

Norman  Zitron  (February,  1959)  Currently  at 
Harvard  University 


We  have  also  been  fortunate  in  having  a  number  of  guests  from  other 
institutions  visit  us  during  this  report  period.   The  following  are  people 
whose  visits  were  made  possible  by  contract  funds: 


Emil  Wolf  (Jan.  1,  1957  -  Feb.  7,    1958) 

-  University  of  Manchester,  England 

F.M.  Ragab  (Jan.  15,  1957  -  Aug.  1,  1957) 

-  Eins  Shans  University,  Cairo,  Egypt 

Claus  Miiller  (Feb.  15,  1957  -  May  1,  1957) 

(Feb.  15,  1958  -  Apr.  30,  1958) 

-  Technische  Hochschule,  Aachen,  Germany 

Joseph  Melxner  (Aug.  I5,  1957  -  Oct.  I5,  1957) 

-  Technische  Hochschule,  Aachen,  Germany 

Ben  Noble  (Jan.  12,  1959  -  Apr.  1,  1959) 

-  Royal  College  of  Science  and 
Technology,  Glasgow 

Rolf  Leis  (Sept.  17,  1958  -  Aprl  1,  1958) 

-  Technische  Hochschule,  Aachen,  Germany 

Marcel  Riesz  (Feb.  2  -  1^,  1959) 

-  University  of  Maryland 


We  shall  now  describe  in  somewhat  more  detail  the  work  that  has  been 
completed  on  the  contract.   (  A  complete  list  of  reports  will  be  found 
on  pps. 20-25  of  this  report.   Bibliographical  information  is  contained 
in  individual  reports.) 
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2.   Diffraction  Theory 

We  include  imder  this  heading  vork  done  on  diffraction  problems 
involving  short  wavelength  radiation,  diffraction  problems  involving  modi- 
fied surfaces  and  some  mlscellaneoiis  questions. 

A.   Diffraction  Problems  Involving  Short  Wavelength  Radiation 

During  the  tenuis  of  the  previo\is  contract  a  method  was  developed 
for  extending  the  theory  of  geometrical  optics  to  include  diffraction 
effects,  and  was  applied  to  a  variety  of  problems  for  which  exact  solu- 
tions were  known.   The  asymptotic  form  of  the  exact  solutions  in  each 
case  corresponded  to  the  solution  obtained  by  this  method.   In  EM-II5 
(Keller),  this  geometrical  theory  of  diffraction  has  now  been  set  down  in 
its  clearest  form.   This  method  of  dealing  with  diffraction  of  short  wave- 
length radiation  is  derived  on  the  basis  of  physical  rather  than  rigorous 
mathematical  arguments  and  it  is  felt  that  to  justify  the  method,  further 
comparison  should  be  made  to  as  many  problems  as  possible .   To  that  end, 
the  diffraction  of  plane  waves  by  an  elliptic  cylinder  (EM- 121,  Levy)  and 
by  a  smooth  convex  obstacle  (EM- 109^  Keller  and  Levy)  is  solved  by  stan- 
dard separation  of  variables  techniques  and  the  asymptotic  form  of  these 
solutions  compared  with  the  results  obtained  by  the  geometrical  optics 
technique  developed  by  Professor  Keller.   In  both  of  these  cases  the 
method  is  foimd  to  be  completely  jiistified. 

Since  use  of  the  geometrical  optics  method  seems  so  well  justified, 
it  has  been  applied  to  a  number  of  problems  for  which  exact  solutions  are 
not  available.   In  EM-102  (Keller  and  Levy),  it  is  used  to  deduce  the 
shape  of  a  pulse  diffracted  around  the  earth  an.d,    in  EM-104  (Keller),  to 


calculate  the  acoustic  forces  and  torques  on  discs.   Some  previous  results 
due  to  H.  Levine  are  confinned  in  this  report  and  many  new  ones  obtained. 
In  EM-II9  (Keller),  this  method  is  used  to  determine  the  effect  of  the 
thickness  of  a  screen  on  the  darkness  of  its  shadov  and,  in  EM- 127  (Keller), 
to  calculate  the  back  scattering  from  a  finite  cone.   Finally^  in  EM- 110 
(Keller),  the  method  reveals  a  novel  application  in  a  so-called  inverse 
problem  -  namely,  finding  the  shape  of  an  object  from  the  pattern  of  the 
field  vhich  it  scatters.   Of  course,  the  result  obtains  only  in  the  short 
wavelength  limit,  but  for  high  frequency  radiation  it  enables  one  to 
design  a  reflector  to  produce  a  desired  scattered  field  pattern. 

B.   Unidrectional  Conducting  Screens 

A  recent  experiment  has  succeeded  in  measuring  the  torque  supplied  to 
a  screen  consisting  of  parallel  fine  wires  embedded  in  a  thin  plastic  sheet. 
The  theory  of  this  experiment  was  given  by  Toraldo  dl  Francia,  who  idealized 
the  screen  as  an  infinitely  thin  anisotropic  conducting  screen,  and  who 
solved  the  problem  in  the  limit  ka  -S*  0,  where  a  is  the  radius  of  the  disc 
and  k  =  2it/x  with  X  as  the  wavelength.   Since  the  work  of  Toraldo  obtains 
in  the  limit  of  long  wavelength,  it  is  not  strictly  applicable  to  discs 
of  moderate  size  and  he  suggested,  during  a  visit  to  New  York  University, 
that  the  problem  of  the  diffraction  of  a  semi-infinite  screen  with  aniso- 
tropic conductivity  be  attempted  although  he  could  not  solve  the  problem 
himself.   Such  a  screen  would  serve  as  an  approximation  to  a  large  circular 
screen  coplanar  and  tangent  to  the  disc.   This  problem  has  been  solved  in 
EM- 108  (Karp)  for  plane  wave  excitation  and,  in  EM-IO5  (Radlow),  for  dipole 
excitation.   In  the  course  of  finding  the  solution,  new  methods  have  been 
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developed  for  solving  the  conducting  half  plane  problem  and  for  determin- 
ing the  far  fields.   One  introduces  a  function  v  related  to  the  solution  u 
of  our  problem  by 

—  -  i  k  cos  0  u  =  V  ;, 

vhere  0  is  the  angle  of  incidence  of  the  wave.   The  effect  of  this  trans- 
formation is  to  remove  the  incident  plane  wave.   The  boundary  conditions 
on  V  are  always  at  least  as  simple  as  those  imposed  on  u  and,  thus,  one 
can  solve  the  problem  in  terms  of  the  function  v.   The  far  field  of  u  can 
be  found  from  the  far  field  of  v  by  algebraic  manipulation.   Techniques 
similar  to  this  have  been  used  in  solving  some  problems  involving  surface 
waves . 

One  other  result  of  the  original  experiment  is  the  charring  of  the 
plastic  along  the  rim.   This  was  correlated  by  Toraldo  qualitatively  with 
the  edge  behavior  of  the  field  along  the  rim.   In  EM-108  the  near  field 
is  determined  and  the  experimental  results  confirmed. 

By  reciprocity,  the  near  field  of  the  plane  wave  excitation  can  yield 
the  far  field  with  dipole  excitation.   In  EM-105  the  dipole  excitation 
problem  is  treated.   It  is  attacked  by  Wiener-Hopf  techniques;  a  system 
of  transform  equations  is  obtained  which  can  be  uncoupled.  An  additional 
feature  of  interest  is  the  fact  that  the  transforms  of  the  field  quantities 
involve  two  complex  variables.   By  carefully  restricting  the  range  of  one 
of  the  variables,  it  can  be  regarded  as  a  parameter,  and  the  analysis  can 
be  carried  out  successfully. 
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C.        Diffraction  by  Absorbers 

There  has  been  a  great   deal    of  interest  recently  in  diffraction 
effects   in  the   case   of  obstacles   coated  vlth  absorbers.     We   investigate 
this  problem  in  EM-129  and  -108   (Karp).      The  vork   concerns   diffraction 
by  right   angled  wedges   and  exhibits   a  simple  example   of  an  easy  technique 
for  treating  more   complicated  problems.      The  problem  can  be   formulated 
as  follows:      on  the   absorbing  surface   an  impedance  boiindaiy  condition  is 
imposed   (i.e.,    a  linear  relation  between  the  tangential  components   of 
E   and  H) .      The  problem  can  be  solved  in  the   case   of  an  infinite  plane 
surface  with  the  result  that  there   is  perfect   absorption  at   a  special 
angle   of  incidence   of  a  plane  wave.      However^   when  the   surface   is  not 
plane,,  (i.e. ,    if  there   is   a  comer  or  if  it  is  wedge-like)   the  problem  is 
difficult  to  solve   since   it  is  not  separable.      A  tec      ^que  previo\isly  used 
in  water  wave   theory  is   adopted  to  overcome  this  difficulty.      It   is   found 
that  the  absorbing  wedge  solution  can  be  expressed  by  quadratures   in  terms 
of  the   conducting  wedge   solution.      The   far  field  technique   of  EM-IOS  is 
elaborated  and  it  is  found  that,    as   far  as  the  far  field  of  the   absorber 
is   concerned,    it   can  be   deduced  by  purely  algebraic  operations   on  the 
solution  of  the   far  field  of  the   conductor.      In  EM-129  the   scalar  two- 
dimensional  line  source  problem  is  treated  and,    in  EM-111   (Karp  and  Karal), 
the  more   complicated  vectorial  problem  resulting  when  a  skew  plane  wave 
excites  the  wedge   is  examined. 

The  work,    summarized  here,    is   continuing.      It   is   of  classical  interest 
because   it  supplies   a  boundary  value  treatment  for  a   'black'    screen. 
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D.   Multiple  Scattering 

A  previous  investigation  brought  to  light  a  technique  for  solving  the 
two  dimensional  multiple  scattering  problem  in  the  limit  of  large  spacing 
of  obstacles.   A  summary  of  this  method  was  given  in  the  last  Final  Report, 
EM-97.   It  was  found  that  the  first  correction  to  single  scattering  re- 
quired only  the  knowledge  of  the  single  scattered  complex  amplitudes  them- 
selves.  In  EM- 126  (Zitron  and  Karp)  it  is  shown  that  in  both  two  and  three 
dimensional  problems  all  higher  order  corrections  can  be  calculated  with  no 
additional  information.   Of  course,  the  calculations  become  progressively  more 

tedious.   If  d  is  the  spacing  between  two  cylinders  of  arbitrary  shape, 

-I/2   -1 
then  in  Part  I  of  EM- 126  the  higher  order  correction  of  order  d    ,  d 

and  d  ■^'       is  calculated  explicitly.   In  EM- 126,  Part  II,  corresponding  cal- 
culations are  performed  in  the  scalar  three  dimensional  case.   This  work  is 
being  extended  to  cover  the  vector  case.   A  general  expansion  theorem  for 
radiated  fields,  valid  in  a  ^region  of  fixed  size  which  is  at  a  large  dis- 
tance from  a  scatterer,  is  obtained  but  has  not  yet  been  reported.   The 
results  obtained  so  far  allow  general  investigations  without  going  into 
irrelevant  details,  as  shown  in  EM-85  (Karp)  and  EM-90  (Karp  and  Radlow) . 
It  should  prove  useful  in  quantijm  mechanics  as  well,  once  it  is  appreciated 
that  multiple  scattering  can  be  expressed  explicitly  in  terms  of  the  scat- 
tering matrix  (0,  9  )  of  the  single  scatterer. 
o  o 
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E.   An  Equivalence  Relation  Betveen  Certain  Two  and.  Three 
Dimensional  Geometries 

In  EM-120  (Karp  and  Felsen)  a  relation  is  exhibited  between  electro- 
magnetic problems  involving  axlally  symmetric  objects  supported  by  a  thin 
conducting  fin  and  the  tvo  dimensional  problem  of  its  profile.   Thus^  a 
ring  source^  cone  or  sphere  supported  by  a  fin  is  related  to  a  line  source 
over  a  plane,  a  semi-circular  boss  in  a  plane  and  a  "vredge  and  a  plane. 
The  relation  between  the  solutions  is 


^     +  1  0/2  F  (r,z) 
u  (r;,z,9)  =  e 


where  us  is  the  solution  of  the  three  dimensional  problem 


2     2 
V  u  +  k  u  =  0 


and  F  is  the  solution  of 

P   +  F   +  k^F  =  0. 
rr    zz 

The  solution  of  the  three  dimensional  problem  is  expressed  in  terms 
of  the  corresponding  scalar  acoustical  problems  and  a  coupling  term.   The 
coupling  term  is  derived  by  quadratures  in  terms  of  the  variation  of  the 
edge  singularity  of  the  two  dimensional  problem.   This  method  is  then  applied 
to  obtain  an  explicit  solution  for  the  diffraction  of  an  arbitrary  electro- 
magnetic wave  by  a  half  plane. 
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The  results  obtained  here  vere  begun  imder  the  previous  contract  and 
■were  reported  there  under  the  general  heading  of  Edge  Behavior  in  Diffrac- 
tion Theory.   This  report  is  being  issued  jointly  with  the  Brooklyn  Poly- 
technic Institute.   Professor  L.  Felsen  of  that  institution  is  co-author. 

3.   Surface  Wave  Phenomena 

The  techniques  described  under  heading  C  above^  if  appropriately  modi- 
fied at  an  early  stage ;,  can  be  used  to  treat  the  diffraction  and  excitation 
problem  also  in  the  case  in  vhich  the  modification  of  the  boundary  is  of 
the  type  to  allow  surface  -vraves.   In  EM-II6  (Karp  and  Karal)  the  infinite 
plane  problem  is  treated  in  the  special  case  in  which  the  dlpole  is  on  the 
surface.   Then  the  effect  of  a  corner  can  be  investigated.   Thus  a  modified 
surface  in  the  form  of  a  right  angled  corner  can  be  treated  -  the  source 
being  at  the  vertex  -  and  the  amplitude  of  the  surface  waves  generated  is 
determined  and  compared  with  the  effect  in  the  plane  case.   In  EM-II6 
both  faces  of  the  wedge  can  support  surface  waves.   In  EM- 124  (Karp  and 
Karal)  the  same  problem  is  treated  for  the  case  in  which  only  one  face  can 
support  surface  waves.   From  symmetry  considerations ;,  this  latter  problem 
can  be  regarded  as  a  case  in  which  a  free  space  of  angle  Jrt  is  available 
as  compared  with  a  free  space  of  angle  5Tt/2;  as  in  EM-II6.   This  work  is 
part  of  a  general  investigation  which  aims  (in  part)  at  detennining  the 
effect  of  the  wedge  angle  on  excitation  efficiency.   It  is  also  part  of  a 
mathematical  program  aimed  at  developing  an  algebraic  technique  for  solv- 
ing canonical  diffraction  problems  of  the  type  which  are  required  as  a 
basis  for  the  appll cation  of  geometrical-  diffraction  theory. 
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In  EM- 125  (Karp  and  Karal)  diffraction  of  a  plane  wave  by  a  right 
angled  wedge  which,  sustains  surface  waves  on  one  face  is  treated.   The 
techniques  are  similar  to  those  used  in  EM- 124.   The  information  obtained 
is  expected  to  form  part  of  a  general  scheme  and  comparison  of  the  fields 
of  sources  on  the  body  with  fields  due  to  diffraction  will  shed  light  on 
the  problem  of  reciprocity.   The  interesting  feature  of  EM- 125  is  the 
fact  that  part  of  the  energy  scattered  by  the  tip  of  the  wedge  is  sent 
out  along  the  surface  as  a  surface  wave  rather  than  being  radiated  out  as 
a  cylindrical  wave. 

In  EM-99  (Friedman  and  Williams)  the  problem  of  the  optimal  method 
of  excitation  of  surface  waves  by  a  dlpole  over  a  dielectric  is  treated. 
This  is  a  generalization  of  the  work  of  Cullen. 

Another  investigation  of  the  excitation  and  propagation  of  surface 
waves  is  the  application  of  the  geometrical  theory  to  this  problem  (EM- 128, 
Keller  and  Karal).   In  this  paper  complex  rays  are  Introduced.   As  in  the 
application  of  this  method  to  diffraction  theory,  one  determines  an 
excitation  coefficient  by  solving  a  canonical  problem  -  in  this  case  the  solu- 
tion of  a  line  source  over  an  impedance  plane.  With  this  canonical  solution 
one  may  now  discuss  the  propagation  over  arbitrary  surfaces  with  constant 
or  variable  properties. 

The  method  is  applied  to  the  surface  waves  excited  by  a  line  source 
on  a  wedge  with  variable  surface  impedance  and  line  above  on  a  cylinder. 
In  both  cases  the  solution  obtained  here  agrees  with  the  asymptotic  form 
of  the  exact  solution. 
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4.   Statistical  Problems 

A.   Scattering  by  Refractive  Index  Fluctuations 

Recently^  scattering  of  radio  vaves  by  refractive  index  fluctuations, 
presumably  of  turbulent  origin,  has  come  into  prominence  as  an  important 
nev  mode  of  radio  communication-   Evidently,  the  dielectric  turbulence 
always  present  in  both  the  troposphere  and  ionosphere  is  strong  enough  to 
support  scattered  signals  which  can  readily  be  detected  at  great  distances 
beyond  the  horizon.   (However,  it  should  be  noted  that,  at  least  in  the 
case  of  the  troposphere,  the  role  of  layers  in  trans-horizon  propagation 
is  still  an  open  question.)   Study  of  this  'scatter  mode'  of  propagation 
has  been  pursued  in  several  reports. 

One  report,  EM-98  (Silverman),  is  devoted  to  making  more  precise  the 
kind  of  mathematical  questions  encountered  in  the  radio  scattering  problem. 
A  unified  fonuulatlon  of  scattering  theory  in  the  language  of  random  func- 
tions is  given  and  the  statistical  characteristics  of  dielectric  turbulence 
are  analyzed.   It  is  shown  that  the  amplitude  of  the  received  scattered 
signal  is  a  zero-mean,  complex  random  function  of  time,  which  is  quite 
accurately  Gaussian  and,  therefore,  characterized  by  its  second  moments 
or  covariance.   The  relation  between  this  covariance  and  the  appropriate 
statistical  quantities  describing  the  dielectric  turbulence  is  then  derived. 
Special  attention  is  given  to  the  fact  that  the  random  functions  involved 
are  not  strictly  stationary,  but  only  approximately  stationary  in  suitably 
restricted  space  and  time  domains,  i.e.,  'locally  stationary'. 
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B.    Coherence  Theory  of  Optics 

A  problem  of  considerable  interest  in  optics  is  to  relate  the 
coherence  properties  of  optical  wave  trains  to  their  frequency  character- 
istics.  What  is  needed  is  an  analog  of  the  uncertainty  relation  of  quantum 
mechanics^  suitably  modified  and  recast  in  an  optical  context.   The  optical 
case  differs  from  the  quantum  mechanical  case  in  two  respects:  (l)  Optical 
wave  functions  are  not  complex,  but  intrinsically  real.   (2)  Optical  wave 
trains  are  to  be  thought  of  as  realizations  of  a  random  process,  so  that 
a  correlation  theory  description  is  appropriate.   These  questions  are  dealt 
with  in  a  recent  report,  (EM-IO6   ,  Wolf).   A  reciprocity  relation,  pat- 
terned after  the  uncertainty  relation  of  quantum  mechanics,  is  developed 
with  due  regard  for  the  fact  that  the  physically  meaningful  spectral  band- 
width involves  only  positive  frequencies. 

A  quantitative  definition  of  the  coherence  time  of  an  optical  wave 
train  is  given  and,  then,  related  to  the  Michelson  fringe  visibility 
function,  an  experimentally  measurable  quantity.   Generalizations  to  the 
case  of  two  optical  wave  trains  are  developed.   (Further  results  stemming 
from  mathematical  Ideas  initiated  in  this  report  have  appeared  elsewhere   ''  .) 


1.  E.  Wolf,  Reciprocity  inequalities,  coherence  time  and  oandwldth  in  signal 
analysis  and  optics,  Proc.  Roy.  Soc,  71,  2^7  (19^8). 

2.  I.  Kay  and  R.A.  Silverman,  On  the  uncertainty  relation  for  real  signals. 
Info,  and  Control,  1,  64  (19571- 

5.  R.A.  Silverman.  Moments  of  analytic  signals,  IRE  Trans.  Circuit  Th.,  CT-5, 
84  (1958). 


17  - 


5^   Mathematical  Results 

In  this  section,  we  shall  describe  some  miscellaneous  mathematical 
results  which  have  arisen  in  connection  with  electromagnetic  problems. 
In  EM-100  (Jones  and  Kline),  the  asymptotic  evaluation  of  the  two  dimen- 


sional intea;ral  J 


[  g(x,y)  e^^^^^'^^dxdy,  with  f(x,y)  defined  in  the 


range  m  <  f(x,y)  <  M,  is  considered  for  large  k.   The  basic  idea  of  the 

M+e 

ikf    (  ikt 

paper  is  to  replace  the  function  e    by      e    5(t-f)  dt.   The  dls- 

m-e 

cussion  of  the  two  dimensional  integral  is  thus  reduced  to  a  discussion 

M+6 

(  ikt 

of  the  single  Fourier  integral  J  =  J    e    h(t)  dt  where  h(t)  = 

m-€ 
g(x,y)5 [t-f (x,y)J  dxdy  and  this  discussion  can  be  successfully 
D 
carried  through. 

In  EM- 107  (Ragab)  the  inverse  Laplace  transform  of  the  function 
p^"  exp(-a  '^  p   )  is  found.   This  is  a  transform  which  has  not  been 
previously  calculated  but  which  arises  in  the  pulse  solution  of  some  pro- 
blems in  electromagnetic  theoiy. 

During  the  course  of  this  contract,  a  considerable  effort  has  been 
put  into  the  problem  of  diffraction  of  the  quarter  plane.  The  method 
which  has  been  tried  is  a  generalization  of  the  Wlener-Hopf  technique 
involving  the  theory  of  functions  of  two  complex  variables.   One  of  the 
results  of  these  efforts  Is  the  development  of  a  method  of  obtaining  the 
double  Laplace  transforms  of  functions.   In  EM-II8  (Radlow),  this  method 
is  applied  to  obtaining  the  double  Laplace  transform  of  the  Green's 
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function  of  a  linear  second  order  elliptic  differential  equation  in  two 
variables.   As  a  particular  example^  the  double  Laplace  transform  of 


\''-'' {- J^F4) 


is  calculated. 


6.   Miscellaneous 

During  the  period  of  this  contract^  there  were  three  published 
reports  which  do  not  fit  into  any  of  the  categories  used  above.   The  first, 
EM- 103  (Shenitzer),  is  a  translation  from  the  Russian  of  three  papers  on 
electromagnetic  theory.   These  are: 

1.  The  Electromagnetic  Field  of  a  Line  Source  Located  in  the  Interior 
of  an  Ideally  Conducting  Parabolic  Screen  - 

G.A.  Grinberg,  N.W.  Lebedev,  I. P.  Sfcalskaia  and  Ya.S.  Uflyand 

2.  The  Electromagnetic  Field  of  a  Dipole  Located  in  the  Interior  of  a 
Parabolic  Reflector  - 

I. P.  Skalskaia 

3.  Derivation  of  the  Laws  of  Reflection  of  Geometrical  Optics  on  the 
Basis  of  an  Asymptotic  Treatment  of  the  Diffraction  Problem  - 

M.I.  Kontorovltch  and  U.K.  Muravev 

In  EM-112  (Wolf),  an  integral  representation  is  obtained  for  the  electro- 
magnetic field  in  the  image  space  of  an  optical  system.   This  is  in  contrast 
with  the  usual  geometrical  optics  analysis  which  does  not  give  an  indication 
of  the  vectorial  features  of  the  image  such  as  the  state  of  polarizatior  of 
the  image.   In  addition,  this  method  is  capable  of  dealing  with  optical 
systems  of  wide  aperture . 

Finally,  in  EM-ll4  (Moses),  a  formulation  is  given  of  Maxwell's  equations 
in  spinor  notation  so  that  its  similarities  and  differences  with  the  Dirac 
equation  of  the  electron  can  be  exhibited.   Thus,  it  is  now  possible  to  apply 
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some  previously  derived  results  of  the  inverse  problem  in  Dirac  theory 
to  the  problem  of  determining  a  source  distribution  vhich  vill  give  a 
particular  radiation  pattern.   In  general,  the  source  distribution  is  not 
found  to  be  unique,  but  it  is  possible  to  make  conditions  vhich  vi 11  spec- 
ify them  completely. 
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Attn:     M.  Draganjac,  WCLNQ-U 

Commander 

Wright  Air  Development  Center 
Wright-Patterson  Air  Force  Base,   Ohio       (2 
Attni     Mr.   Paul  Springer,   WCLRE-5 

Commander 

Air  Technical  Intelligence  Center 
Wright-Patterson  Air  Force  Base,   Ohio 
Attn:     AFCIN-liBla 

Commander 

Rome  Air  Development  Center 
Orlfflss  Air  Force  Base,   New  York 
Attn;     RCSSTL-1 

Commander 

Rome  Air  Development  Center 
Griffiss  Air  Force  Base,   New  Tork 
Attn:     Mr.  Donald  Dakan,   RCUE 


Commanding  General,    SIGFM/EL-PC 
U.   S.  Army  Signal  Engineering  Labs. 
Fort  Monmouth,   New  Jersey 
Attn:     Dr.   Horst  H.   Kedesdy 

Deputy  Chief,   Chem-Physics  Branch 

Commander 

Array  Rocket  and  Guided  Missile  Agency 

Redstone  Arsenal,   Alabama 

Attn:     Technical  Library,   ORDXR-OTL 

Commanding  General 

U.  S,  Army  Signal  Engineering  Labs. 

Fort  Monmouth,   New  Jersey 

Attn:      SIGFM/EL-AT 

Department  of  the  Army 

Office  of  the  Chief  Signal  Officer 

Washington  25,   D.   C. 

Attn:     SIGRD-7 

Office  of  Chief  Signal  Officer 
Engineering  and  Technical  Division 
Washington  25,  D.  C. 
Attn:   SIGNET-S 

Guided  Missile  Fuze  Library 
Diamond  Ordnance  Fuze  Laboratories 
Washington  25,  D.  C. 
Attn:  R.  D.  Hatcher,  Chief  Microwave 
Development  Section 


(2) 


Commarvier 

Rone  Air  Development  Center  (ARDC) 
Griffiss  Air  Force  Base,  New  Tork 
Attn:     Dr.  John  S.  Burgess,   RCE 

Commander 

Air  Force  Missile  Development  Center 
Holloman  Air  Force  Base,  New  Mexico 
Attn:  HDOIL,  Technical  Library 

Director 

U.  S,  Array  Ordnance 

Ballistic  Research  Laboratories 

Aberdeen  Proving  Ground,  Maryland 

Attn;  Ballistic  Measurements  Laboratory 

Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Marylat»l 
Attn:  Technical  Information  Branch 


(2) 


)Armed  Services  Technical  Information 

Agency 
Arlington  Hall  Station 
Arlington  12,    Virginia 

) Library 

Boulder  Laboratories 
National  Bureau  of  Standards 
Boulder,  Colorado 

National  Bureau  of  Standards 
Department  of  Commerce 
Washington  25,  D.  C. 
Attn:  Mr.  A.  G.  McNlsh 

National  Bureau  of  Standards 

Department  of  Commerce 

Washington  25,  D.  C. 

Attn:  Oustave  Shapiro,  Chief 

Engineering  Electronics  Section 
Electricity  and  Electroiiics  Div, 

Office  of  Technical  Services 
Department  of  Conunerce 
Washington  25,  D.  C. 
Attn:  Technical  Reports  Section 
(Unclassified  only) 

Director 

National  Security  Agency 
Washington  25,  D.  C. 
Attn:   R/D  (331) 

Hn.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

Attn:  CROTLR-2     -  P.  Condon 


(5)Hq.  Air  Force  Cambridge  Research  Center 
Laurence  G.  Hanscom  Field 
Bedford,  Mass. 
Attn:  CROTLS  -  J.  Armstrong 


(5)  Hq.  Air  Force  Cambridge  Research  Center 
Laurence  0.  Hanscom  Field 
Bedford,  Mass. 
Attn:  CRRD 


Director,  Avionics  Division  (AT) 
Bureau  of  Aeronautics 
Department  of  the  Navy 
Washington  25,  D.  C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Mr.  E.  Johnston,  Code  833E 

Commander 

U.  S.  Naval  Air  Missile  Test  Center 

Point  Mugu,  California 

Attn:  Code  366 

U.  S,  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring  19,  Maryland 
Attn:  The  Library 

Commander 

U.  S.   Naval  Ordnance  Test  Station 

China  Lake,   California 

Attn:  Code  753 

Librarian 

n.  S.  Naval  Postgraduate  School 

Monterey,  California 

Air  Force  Development  Field  Representative 
Naval  Research  Laboratory 
Washington  25,  D.  C. 
Attn:  Code  1072 

Director 

U.  S.  Naval  Research  Laboratory 

Washington  25,  D.  C. 

Attn:  Code  2027 

Dr.  J.  I.  Bohnert,  Code  5210 

U,  S,  Naval  Research  L?boratory 

Washington  25,  D.  C.  (Unclassified  only! 

Classified  to  he  sent  to: 

Director 

U.  S.  Naval  Research  Laboratory 

Attn:  Code  5200 

Washington  25,  D.  C. 

Commanding  Officer  and  Director 

n.  S.  Navy  Underwater  Sound  Laboratory 

Fort  Trumbull,  New  London,  Connecticut 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Code  li27 

Commanding  Officer  and  Director 

U.  S.  Navy  Electronics  Laboratory  (Library) 

San  Diego  52,  California 

Chief,  Bureau  of  Ordnanc* 
Depai^^ment  of  the  Navy 
Washington  25,  D.  C. 
ntn:     Code  Ad3 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Surface  Guided  Missile  Branch 
Washington  25,  D.  C. 
Attn:  Code  ReSl-e 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Fire  Control  Branch  (ReSli) 

Department  of  the  Navy 

Bureau  of  Aeronautics 

Technical  Data  Division,  Code  1:106 

Washington  25,  D.  C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Code  817B 
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Commanding  Officer 

n.   S.   Naval  Air  Development  Center 

Johnsvllle,    Pennsylvania 

Attn:     NADC  Library 

Conmander 

II.  S.  Naval  Air  Test  Center 
Patuxent  River,  Maryland 
Attn!  ET-315,  Antenna  Branch 

Director 

Naval  Ordnance  Laboratory 

Corona,  California 

Conmanding  Officer 

II.  S.  Naval  f^rdnance  Laboratory 

Corona,  California 

Attn:  Mr.  W.  Horensteln,  Division  72 

Airborne  Instruments  Laboratory,  Inc. 

1(0   Old  Country  Road 

Kineola,  New  York 

Attn:  Dr.  E.  G.  Fubini,  Director 

Research  and  Engineering  Division 

Alrcom,  Inc • 
35U  Main  Street 
Winthrop,  Mass. 

American  Machine  and  Foundry  Company 

Electronics  Division 

lOR?  Commonwealth  Avenue 

Boston  1?,  Mass. 

Attn:  Mrs.  Rita  Moravcsik,  Librarian 

Andrew  Alford,  Consulting  Engineers 
299  Atlantic  Avenue 
Boston  10,  Mass. 

Avion  Division 
ACF  Industries,  Inc, 
ROO  No.  Pitt  Street 
Alexandria,  Virginia 
Attn!  Library 

Battelle  Memorial  Institute 

?05  Xing  Avenue 

Attn:  Wayne  E.  Rife,  Project  Leader 

Electrical  Engineering  Division 

Columbua  1,  Ohio 

Bell  Aircraft  Corporation 

Post  Office  Box  One 

Buffalo  5,  New  York 

Attn:  Eunice  P.  Hazelton,  Librarian 

Bell  Telephone  Laboratories,  Inc. 

Whippany  Laboratory 

Whlppany,  New  Jersey 

Attn:  Technical  Information  Library 

Pacific  Division 

Bendix  Aviation  Corporation 

llfOO  Sherman  Way 

North  Hollywood,  California 

Engineering  Library 

Attn:  Peggie  Robinson,  Librarian 

Bendix  Radio  Division 

Bendix  Aviation  Corp. 

E.  Joppa  Road 

Towson  It,  Maryland 

Attn:  Dr.  D.  M.  Allison,  Jr. 

Director  Engineering  and  Research 

Boeing  Airplane  Company 

Pilotless  Aircraft  Division 

P.O.  Box  3707 

Seattle  2(j,  Washington 

Attn:  R.R.  Barber,  Library  Supervisor 

Boeing  Airplane  Company 

Wichita  Division  Engineering  Library 

Wichita  1,  Kansas 

Attn:  Kenneth  C.  Knight,  Librarian 

Boeing  Airplane  Company 

Seattle  Division 

Seattle  111,  Washington 

Attn:  E.T.  Allen,  Library'  Supervisor 

Bjorksten  Research  Labs,  Inc. 

P.  0.  Box  26? 

Madison,  Wisconsin 

Attn:  Mrs.  Fern  B. .Korsgard 


Convalr,  A  Division  of  General  Dynamics 

Corp. 
Fort  Worth,  Texas 

Attn:   K.G.  Brown,  Division  Research 
Librarian 

Convalr,  A  Division  of  General  Dynamics 

Corp. 
San  Diego  12,  California 
Attn:  Mrs.  Dora  B.  Burke, 

Engineering  Librarian 

Cornell  Aeronautical  Laboratory,  Inc. 
l'Ji?5  Genesee  Street 
Buffalo  21,  New  York 
Attn:  Librarian 

Dalmo  Victor  Company 
A  Division  of  Textron,  Inc. 
1515  Industrial  Way 
Belmont,  California 
Attn:  Mary  Ellen  Addems, 
Technical  Librarian 

Dome  and  Margolin,  Inc. 
29  New  York  Avenue 
Westbury,  Long  Island,  N.  Y. 

Douglas  Aircraft  Company,  Inc. 

P.O.  Box  200 

Long  Beach  1,  California 

Attn:  Engineering  Library  (C-250) 

Douglas  Aircraft  Co.,  Inc. 
P27  Lapham  Street 
El  Segundo,  California 
Attn:  Engineering  Library 

Douglas  Aircraft  Company,  Inc. 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
Attni  P.T.  Cllne 

Eq.  Sec.  Reference  Files, 

Eq.  Eng.  A250 

Douglas  Aircraft  Company,  Inc. 
2nno  North  Memorial  Drive 
Tulsa,  Oklahoma 
Attn:  Engineering  Library,  D-2S0 

Electronics  Communication,  Inc. 
1830  York  Road 
Timonium,  Maryland 

Emerson  and  Cuming,  Inc. 
869  Washington  Street 
Canton,  Mass. 
Attn:  Mr.  W.  Cuming 

Emerson  Electric  Kifg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.R.  Breslin,  Librarian 

Sylvanla  Elec.  Prod.  Inc. 
Electronic  Defense  Laboratory 
P.O.  Box  205  -  (Unci) 
Mountain  View,  California 
Attn:  Library 

Falrchlld  Aircraft  Division 
Fairchild  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

Farnsworth  Electronics  Company 
3700  East  Pontlac  Street 
Fort  Wayne  1,  Indiana 
Attn:  Technical  Library 

Federal  Telecommunication  Labs. 
500  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

The  Gabriel  Electronics 
Division  of  the  Gabriel  Company 
135  Crescent  Road 
Needham  Heights  9U,  Mass. 
Attn:  Mr.  Steven  Galagan 


General  Electric  Advanced  Electronics  Center 
Cornell  University 
Ithaca,  New  York 
Attn:   J.  B.  Travis 

General  Electric  Company 

Electronics  Park 

Syracuse,  New  York 

Attn:  Documents  Library,  B.  Fletcher 

Building  3-'ll:3A 

General  Precision  Laboratory,  Inc. 

63  Bedford  Road 

Pleasantvllle,  New  York 

Attn:  Mrs,  Mary  G.  Herbst,  Librarian 

Goodvear  Aircraft  Corp. 

1210  Massillon  Road 

Akron  IS,  Ohio 

Attn:  Ubrary  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Gray,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Hallicrafters  Company 

UiOl  West  5th  Avenue 

Chicago  2U,  Illinois 

Attn:  La Verne  LaGloia,  Librarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Microwave  Laboratory 
Building  12,  Room  2617 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn:  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
75  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowitz 
Technical  Librarian 

International  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  Mr.  C.F.  McElwsln,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn:  Mr.  D.  I.  Marr,  Librarian 
Department  (i59 

International  Resistance  Company 
IjOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N.  W. 
Washington  7,  D.  C. 
Attn:  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jasik,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corporation 
711  lUth  Stfeet,  N.  W. 
Washington  5,  D.  C, 
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Lockheed  Aircraft  Corporation 

2555  N.  Hollyvood  Way 

California  Division  Engineering  Library 

Department  72-75,  Plant  A-1,  Bldg.  63-1 

Burbank,  California 

Attnt  N.  C.  Harnols 

The  Martin  Company 

P.  0.  Box  179 

Denver  1,  Colorado 

Attn:  Mr.  Jack  McComlek 

The  Glenn  L.  Martin  Company 
Baltimore  3,  Maryland 
Attni  Engineering  Library 
Antenna  Design  Croup 

Maryland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Park,  Maryland 
Attn:  Mr.  H,  Warren  Cooper 

Mathematical  Revlewo 
190  Hope  Street 
Providence  6,  Rhode  Island 


Pickard  and  Bums,  Inc» 

2140  Highland  Avenue 

Needhan  9li,  Mass. 

Attn:  Dr.  J.  T.  DeBettencourt 

Polytechnic  Research  and  Development 

Company,  Inc. 

202  Tillary  Street 

Brooklyn  1,  Ne«  York 

Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Mass. 
Attn:  Dr.  John  Ruze 

Radiation,  Inc. 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn;  Technical  Library,  Mr.  M.L.  Cox 

Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:  P.  S.  Carter,  Lab.  Library 


Ryan  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,  Calirornia 
Attn:  Library  -  unclassified 

3age  Laboratories 
159  Linden  Street 
Wellesley  81,  Mass. 

Sanders  Associates 
95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  N.  R.  Wild,  Library 

Sandia  Corporation,  Sandia  Base 

P.O.  Box  5S00,  Albuquerque,  New  Mexico 

Attn:  Classified  Docximent  Division 

Sperry  Gyroscope  Company 

Great  Neck,  Long  Island,  New  York 

Attn:  Florence  W,  Tumbull,  Engr.  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attn:  Library,  Engineering  Division 


The  W.  L.  Maxson  Corporation 

1:60  West  3bth  Street 

New  York,  N.  Y. 

Attn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Saint-Louis  Municipal  Airport 

Box  516,   St.  Louis  3,   Missouri 

Attn:     R.  D.  Detrlch,  Engineering  Library 


McMillan  Laboratory,    Inc. 
Brownville  Avenue 
Ipswich,    Massachusetts 
Attn:     Security  Officer. 


Document  Room 


Melpar,  Inc.  (2) 

3000  Arlington  Boulevard 

Falls  Church,  Virgiivla 

Attn:  Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,  Massachusetts 
Attn:  N.  Tucker,  General  Manager 

Microwave  Radiation  Company  Inc. 

19223  South  Hamilton  Street 

Gardena,  California 

Attn:  Mr.  Morris  J.  Ehrlich,  President 

Chance  bought  Aircraft,  Ino, 
9311)  West  Jefferson  Street 
Dallas,  Texas 
Attn:  Mr.  H.  S.  White,  Librarian 

Northrop  Aircraft,  Inc. 
Hawthorne,  California 

Attn:  Mr.  E.  A.  Freltas,  Library  Dept  J1U5 
1001  E.  Broadway 

Remington  Rand  nnlv.  -  Division  of  Sperry 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pennsylvania 
Attn:  Mr.  John  F.  McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,  Inc. 
1221ii  Lakewood  Boulevard 
Downey,  California 
Attn:  Engineering  Library  b95-llS 

North  American  Aviation,  Inc. 
Los  Angeles  International  Airport 
Los  Angeles  h?,   California 
Attn;  En^neerlng  Technical  File 

Page  Comraunicstlons  Engineers,  Inc. 
710  Fourteenth  Street,  Northwest 
Washington  5,  D.  C. 
Attn:  Librarian 

Phllco  Corporation  Research  Division 

Branch  Library 

U700  Wissachickon  Avenue 

Philadelphia  hh,   Pa. 

Attn;  Mrs.  Dorothy  S.  Collins 


RCA  Laboratories 

David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attn:  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Products 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organization 

of  Chief  Technical 

Administrator 

The  Ramo-Wooldridge  Corporation 
P.O.  Box  !i51i53  Airport  Station 
Los  Angeles  1:5,  California 
Attn:  Margaret  C.  Whltnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,  Msrvland 

Director,  USAF  Project  RAND 

Via;  Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,  California 

Rantec  Corporation 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,  Mass. 
Attn:  Mr.  Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory,  State  Road 
Wavland,  Mass. 
Attn;  Mr.  Robert  Borts 

Raytheon  Manufacturing  Coraoany 
Wayland  Laboratory 
Wayland,  Mass. 

Attn:  Miss  Alice  G.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farmlngdale,  Long  Island,  N.  Y. 
Attn:  Engineering  Library 

Thru:  Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farmlngdale,  Long  Island,  N,Y. 

Rheem  Manufacturing  Conpany 
9236  East  Hall  Road 
Downey,  California 
Attn:  J.  C,  Joerger 

Trans-Tech,  Inc. 
P.  0.  Box  3U6 
Frederick,  Maryland 


Sylvania  Electric  Products,  Inc. 
100  First  Avenue 
Waltham  5U,  Mass. 

Attn:  Charles  A.  Thornhill,  Report  Librarian 
Walthan  Laboratories  Library 

Systems  Laboratories  Corporation 
]iiB52  7entura  Boulevard 
Sherman  Oaks,  California 
Attn:  Donald  L.  Margerum 

TRG,  Inc . 

17  Union  Square  West 

New  York  3,  K.  Y. 

Attn:  M.  L.  Henderson,  Librarian 

A.  S.  Thomas,  Inc. 

I6l  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  3.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 

Chu  Associates 
P.  0.  Box  3''7 
Whitcomb  Avenue 
Littleton,  Mass. 

Microwave  Associates,  Inc. 
Burlington,  Mass. 

Raytheon  Manufacturing  Companv 
Missile  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  laboratory 
225  Crescent  Street 
Waltham,  Mass. 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50li,  Sunnyvale,  California 
Attn;  Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn;  Dr.  W.  C.  Hoffman 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Command 

l!jth  Street  and  Constitution  Avenue 

Washington,  D.  C. 

Attn:  Mr.  Otting,  SRY 

Westinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int  '1  Airport  Box  7lj6 
Baltimore  3,  Maryland 
Attn:  Engineering  Library 
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Wheeler  Laboratories,  Inc, 
122  Cutter  Mill  Road 
Oreat  Neck,  New  York 
Attn:  Mr.  Harold  A.  Wheeler 

Zenith  Plasties  Co. 
Box  91 

Oardena,  California 
Attn:  Mr.  S.  S.  Oleesky 

Library  Geophysical  Institute 
of  the  University  of  Alaska 
College 
Alaska 

University  of  California 

Berkeley  h,   California 

Attn:  Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec.  Eng.  Electronics 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  h,   California 
Attn:  J.  R.  Whinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
1)800  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Newlan 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 
Attn:  Dr.  C.  Papas 

Carnegie  Institute  of  Technology, 
Schenley  Park 

Pittsburgh  13,  Pennsylvania 
Attn:  Prof.  A.  E.  Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Prof.  G.  C.  Dalman 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.  H.  Latour,  Library 

Lib'-ary 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,   Georgia 

Attn:     Mrs.   J.H.   Crosland,    Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,    303A  Pierce  Hall 

Oxford  Street,    Cambridge  3",   Mass. 

Attn:     Mrs.  E.L.   Hufschmidt,    Librarian 

Harvard  College  Observatory 
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